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Feeder veiification with a camera 
Field of die loventioii 

5 The piesajt invedtion lelates to the momtering ftie configuration of component fesd- 
ecB on a conqjoneat placement machine, for exampl© for electromc conqjonento. 

Ba^gronnd of tihe InveniioB 

10 For electronic board afiSOTbly. automated ccmiponentplB(»ment can 

• gieed up to tens of thousands of sui&Mnroiaits of components per hour. These co:q- 
poments are t>!pirally suppKed by con^onimt vendors as t^d reels of CQmponeite 
that are loaded onto individual feeders which are mounted in corresponding fcecar 
slots on the mactune. These reels of componBOts may he loaded onto flie feedea? aj a 

15 special loading mdt. for example in a stock room, after widdb. the loaded feed^ are 
' placed in the feeder slots. 

b>im»onent placement machines can have more than 100 f^ slots each accessib e 
by apidang mechanism that picks individual components ftom the feeders m ihi slo a 
20 and places fliem in paiticular predetermined locations on a printed ciicuit board. Ftx 
application flexibility, each feeder and slot is generally constructed to be compatiKe 
widi many different conqioiients. 

The physical arrangement of components, feeders and slots must be in accordanc: 
25 wWi the expecisd arrangement as piogrammed in the machine. Any enor in the ai - 

langanent can cause a conesponding error in the placement of components on th ? 

board. In a high volume* low mix manufeotming environment, a component loadin:? 

oior can produce a hi^ nnmber of defective printed circuit boards in a short period o f 

time. In a low vohmie, high mix environment the chance of component loading eno : 
30 increasesbeoaupeoffieqoeotfeedermauiqpularionforproductchange 
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Jn ox6st to eliminate loading eoporsy it is knov/n to place bar code labels on indiviUiial 
feeders and slots for manaal sqanxung to control &at the tigbt components indeed 'axe 
placed in the nght slots according to a so called device list^ vfinch contmns a liatis^' ; of 
the slots andfhe components that are expected in fhe di£Ebz:ent slots. This procedure is 
5 caniedouti before the xnachlne begins its opecation. 

Ofira^ component placemrat madtdnes are not bom with sufficient control mecia^ 
nisms to assure the fiseding of conect conqvonrals as desired by the user of these tyj les 
of machines* Different soIulionB have been sagg«ted where additional equ^menl is 
10 provided ftom a prodxicer difEferent than the producer of ih© machine and postmouni ed 
on the machine. For such postmounting, certain conditions m 

chines, as the mechanical structure, have to be taken into aiscoimt Often^ the task is 
not to find the optimum solution generally, but to find the optimum solution under tie 
givCTicixTOrostances^tkatistosay tofindtheo^ ' 
15 structure of the component placement machine. For example, some component plac ^ 
meet machines We feeders on a table that moves vdih respect to fee pick-up syste m 
while others have a statioaaiy table and a moving pick-up system. The control sol i- 
tions are typically different for these two different types of mainlines. 

20 .A postmountcd control system has been diseased in US patent no. 6 027.019. In this 
systOTi, two scanners ate adapted to monitor the axrangemrat of slot markers ard 
feeder maiicers in the machine while the machine is in operation. The slot marker ar d 
feeder marlcer are then cdmpai^ ^th data in a device lisL'Such a control system s 
only applicable for existing machmes; where the table is moveable while the pick up s 

25 ' stationary. In existing machines with movable pick-up systems, not enough space - s 
leBt on the pick vxp for mounting a soannw oh thspfck-aip. 

This system as described in US patent no- 6 027 019 has auoth^r disadvantage in nc t 
being able to detect feeders wilh wrong components before the machine is started. A i 
30 eventual cnor is first detected, after the first componeat has hem picked up. if a com - 
ponent is wrong, expensive tune is vested until the machine is ^topped and reariaiigec 
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For madbines with sladonaiy feeder tables, a system is kaowx), -wbsxe each fbedtr is 
equipped with a tran^ander that is coniuscted with tiie feeder by a chain. The tr.ms- 
ponder is insetted in a coirespcmding anay table b^iind fhe &eder for manual cbsdis: 
whe&er fbe feedsr is in the right slot However, also tfate system has a dzawback in aot 
5 being able to preveat a misplacanent of flie transponder. The latter is due to the ; act 
tiiat feeders may be ratiier slim with flie result of a hardly disc^lble correct position 
of two adjacent jfeeder positions in the table. 

For eadsting machines, no control solution has hifliKto been proposed for talcing iiito 
10 accoimt .the situation of the so-called splidng when a feeder cmly has a few comj-o- 
neois left on a tape. During spHciii& fhe empty reel is taken out of the feeder withcnt 
vemaymg flie ien»ining.few conq»onents on the tape in the feeder. The tape with the 
reimaijiins few camponraitB is thsa festened - spUced - to a new t^e with compona its 

■ rolled on a new reel, which flien is msarted mlo the feeder. The advantage is that ret ;ls 
15 can be exchanged wi&out havhxg to exchange the feeder or stop the operation of t le 

machme. However, no system has hitherto been provided to control whether a ta;>e 
widi conert components hisls been spliced to the tape with the lOTiainmg few comp > . 

• . .1- 

20 SununBiy of tfaelnveitlion 

■ It is the purpose of (he nivention to provide a method for monitoihig the configuratic n 
of component feeders on a component placement machine, which is ind^^dcnt tf 
whether flie machine has a movable table or a moveable pidc-up. Advantageously tl e 

25 invention ahaU also be extemdableto take into account the situaioa of splidng. * 

This purpose is achieved by a method for component verification during operation of a 
component placement machine having a series of feeder slots for holding componei t 
feeders with feeder markers, each feedo: marker cairying a unique feeder ID, wheia i 
30 each feeder slot has a unique slot ID. wherem the method conjprises providing at leaj t . 
one camera for providing an image of said series of feeder slots, performing imags 
analysis on said image for detemiimng ihe actual feeder IDs of the actually installel 
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feeders in said s^es of feeder slots, detennining fiom stored configuration infor iia- 
tion the intended feeder IDs of those feeders that are intended to be instsdled in . taid 
series of feeder slots, and checking by conqiaring the actual feed«- JOs with the in^ 
tended feeder IDs wheifaer the actually installed feeders in the f&der slots coiresp.,nd 
5 to the intended feeders. 

Th& intended feeder ID refers to the expected feeder to be found in the actual slot ac- 
.cording to stored configuration infoimation, while the actual feeder ID lefeis to he 
feeder which actuaUy is in the actual slot These two IDs are compared, and in case of 
10 discrepancy between the intended feeder ID and the actual feeder ID, the discrepar cy 
may be indicated, fer example by an alerf to the operator of the madtdne. or stored aid 
evaluated by other means. 

Whilst the feeder ID is actually indicated on the feeder and used for reading the si ot 
15 ID need not be indicated on the slot itself. However, flie slot ID is unique and stored In 
a database as an address fer component pick-iqi &r the corr^onding slot 

• The method accordSng to the invCTJion has a number of advantages. The njethod a>- 
cording to the invention may be-implemented on esdstibag placementmachines, whic h ' 

20 is an important crit^on. A camera may be installed stationary at an appropriate loc i- 
tion with optics that image the feeder slots witii a suitable resolution. Tte cam^ tyj e 
may be a CCD (charge coupled device) cam^ wifli a single chip. AMematrvely, a 
. number of cameras may be used, where an hnage for analyds is produced^as a con - 
bined image fiom the images J&om this number of cameras. Such image addition ;s 

25 Imown according to prior art in differed appHcationfiel^^^ 

The additional equipment necessary' for a system where the method according b tb 2 
invention may be implemented is cheap, and implies mainly one or sev^ low cost 

• cameras, some cabling, a . computer and an image analysis program. Therefore, such i 
30 system is highly attractive. 
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One of the great advantages of the meliiod accoiding h the invention is the contrcl of 
feeders before the machine starts operating. This piejents placemenf of wrcmg own- 
ponents dming operation of the machine and, ihweibre, indirectiy saves time and 
money. Also, the avoidance of manual cheddng procedures avoids mistakes by sp- 
eacaiors and therefore reduces machme stopping during operation. 



10 



15 



20 



25 



30 



Aaothw advantage is the feet that the method according to the invetition is appUcade 
forscv«altypesofmadbincs.ItmaybeappHedwithmachines, wher« the feed^ si Ms 
ace mounted on a stationiiy table and where the components are picked-up by a m<.v- 
ing pidc-i^. It W also be applied for machines, wher^ the piok-up is stationary a ad 
whens ihe table with ihfl feedtf sbts is displaceable. 

A practical approach is given m the foUowing. Jn coiection wi& to im^gc of the 



series.of feeder slots, a serines of position coordinates is 
coordinate is associated to a slot ID of a feeder slots 
These position coordinates ^may be ^ven for aU slots 



provided, where each positi m 
in this series of feeder sla 
or only for those slots where 



feeders ar^ ins^led' and used for the con^one^t pici-^. By performing image anal 
kis on th* obtained hnage, fli^actual feeder IDs of fee actually installed feeders in sa.d 
series of foeder slots arc dtonmed and an acmalposikon coordinate is a^^^ » 

each of these actaal" feeder IDs. Sud. an actual positioi^ coordmate is taken ftum fl.e 
series of position coordinates. From stored configuratd|m fafimnation, t5^icaUy tl.e 
Device List and the Feeder/Component I^ist. the mtended feeder IDs ^ dctennined , .f 
those feeders that axe mt^ ro be mstalled in said series of feeder slots. Fuxthe:- 
„.orc for each of those mtended feeders, an fatendedU^tion coordinafe is dete -^ 
mined, which also is taken ftom the s«ies of position coo«finatBS. Then, for each u- . 
tended position coordinate, it is dxec^edwhearer an actuk feeder ID is a^grte^ 

position, ^d if this is not the case, ihis is indicat.d.for ixampleby an alann message 
to the operator of the machine. If on the other hand tk is the case, it is ohecke i 

•whetherthe intended feederlD and the actualfeederlDfirthis position coordm^ 
equal, and if this is not the case, this discrepancy is indi<|ated, for example by an al« t 
to fhe operator. 
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The afarementioned Feed^Component List associates each inteaded feeder ID with 
component ID indicative of flie type of compoaent to be contained in the coirespciid^ 
ins feeder. The mentioned Device List associates feeder slots with con?ionent IDs. 
These data lists are nonnally available for the machine, as these lists are used in the 
5 programmed opecatioa of the xnacbine. 

Instead of comparing the intended ID of the intended feeders in said series of siDts 
wife the un^g^ actual feeder ID's, an alteraafive embodiOTOTt may be used, whicl is 
in principle equivalent though in practice sli^fly different This alternative emboii^ 
10 ment is a method for component verification durii^ operation of a component plas 
. ment macWne having a series of feeder slots for holding component feeder^ w,th 
feedCT markeiB, each feeder marker carrying a unique feeder ID, wherein each feec er 
slot has a unique slot ID. This method comprises providing at least one camera i or 
providing an image of said sraes of feeder slots and perforaiing image analysis m 
15 said image for . determining the actual feeder IDs of the actually installed feedeis in 
said series of feeder slots. For each actual feeder, the first component ID for the ty je 
of conqionents pontained in said actual feed^ is determined from stored configuration 
lofozmatiQh, wh^ said stored configuration information comprises a Sxst list assoc i- 
atmg each intend^ feeder JD wth a component ID indicative of the type of comp-*- 
20 nent to be contained in the corresponding feeder. For each slot defined to contain a 
feeder, the second component ID fer the component that is supposed to be contaiae d 
in said feedCT is determined horn stored configuration infennation, where said stx>r«d 
configuration znfomiation comprises a second list associating feeder slots wifli cott.- 
ponent IDs. As a.final step, it is checked whether the first and the second component 
25 n). are equal,.andifffais is not the casi^ this discrepancy i • 

Measuring distances and assigning coordinates to the slots and feeders can be used ft r 
a ferther improvement of the invention. In this case, (he feedw type may be identifiec , 
fer exan^ile by measuring the width of the feeder. This feature ficttier reduces the ris : 
30 ferfeults. 
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Older to associate fhe poshion cooidmates to the slot ID of each feeder slot, the 
folloiviiig procedure is ooiplpyed in a fioifher embodiment of ttie inventicai, where die 
slot distance betweea adjacait slots in the series of feeder slots is assumed constsnt, 
For each particular feeder slo^ the number of Blots fiom the first slot to the partict lar 
feeder slot is detennioBd. To the position coordinate of the first slot coordiiwtes ire 
added that are equivalent to flie distance firan flie first slot to the paiticular feeder slat. 
This distance is calculated as the slot distance betweaa adjacenfslots times the mfflit<er 
of slots fiom the first slot to fhe particular feeder slot This is aveiy simple procedire 
which is fast and safe. 

In certain types of machines, the feeder slots are mounted on a displaceable table with 
a rest position or start position. In this case, position coordinates inay be associated :o 
the slot ID by using an image which is taken m the rest position or start position >f 
said table. 



Bi Older to assure that flie images lakaa are ewahiaHed coirecdy, the following proc. - 
dure may be in^lemented.ih the mefliod aoconSing to the ixxv^Hon. For associatiig 
position coordinates to the slot ID, a position matt is provided with a certain fixed 
distance to the series. of feeder slots. This position made is imaged together with Ihs 
20 series of feeder slots and flie position coonfinates are calculated in relation to the posi- 
tion made The value of this additional step may be found in die following. Duiin? 
opeaation, die camera may be exposed to dust, such that the hnage analyas progrBti 
may not fimctiDn properly any more. For maple, Ae first slot m^ not be determin - 
able with certainty. Such a difficulty may also arise in case ttmt the camera has beei i 
moved accidentaUy: Furdiermore, the tablemay be of die movable l>npe^ 

position or start po3itio£ of the tabic is not well defined or sufficient accurate. In thes. : 
cases, it is of advantage that fhe hnage analysis program has to recognize a position 
mark. If diis position marie is iecognized,-the coordmates of die slots widi feeders may 
be calculated. 



In Older to generally assure that the camera works properly, for exaii?.le to assure tiia 
the CCD chip or die objective have not been subject to damage or feat die cabling 03 
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imase pxoc^smg program Trark propoly; aa imag^ control is'pre&tab^ peifixaied 
. automatically for deteranixung the pofonnante of tas camera. For example suci a 
control may "be performed routiiiely before every production process vrhsn the laar 
chine is stopped. Such a control may advantageously be combined with the aforem sn- 
5 tionedpoationmaik. 

Tlie following eanbodimeot of die invention takes into account the situation of spliciog 
in cotain placement madiines. Splicing is perfonned manually Twhich, due to hun an 
enor, may i«sult m finad products luving defecte because "wiong component reels ha we 

10 beea spliced and packed into fte feeder, to order to trace the Twongcon^ 

the wrong spliced reel, the invention foresees die foUowing fiafher embodiment. T ae 
splimug may be perfbtmed by incorporating a label, for exan5»le a colored or pj<ii- 
temed band Jbehind the components, at the spKcing r^on of the con«>onent reel ir a 
feeder. The label ls ttiea' recognized by the image analysis system and the data aiid 

15 time for the nse of coEnponemsfiom a spKced reel m^ be stored in a database. H a 
defect product is found at a later stage and the quaHty control reveals a wrong comp >- 
nent, lie stored date and time data help finding other defect products. 

In feet, the image system with the camera and the. image analysis program rtoy I e 
20 configored with such a resolution and predsioii that the components tq be pioked-r p 
ftom the feeders may be recognized by the image analysis system for deteraunatica 
whether tiie components &om a feeder in a feeder slot correspond to components ir.- 
tended to be taken ftom that .feeder. In this case, a spUcing of reels with Wrongcon- 
ponents may be-recognized early and the production of defect products prevented. • 

Hie pitedbL of the reel in a feeder is adjustable. For example, the distance of the compc- 
nents to be pidcsd-iqi ftom ttie real in the feeder may be 4 mm. If the pitch in ths 
feeder is S mm. only every second conqjoneat is picked-up ftom the leeL Such a mis - 
take is haid to recognize by flie opeiator. because the production process itself works 
30 correctly, just every second component is wasted. The method according to the inven- 
tion with the image system is taking account for this problem in a forflwr embodimenl . 
where the obtained image is analyzed'for recognition of the correct reel pitch. In cas'* 
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ttiat tiie recognized leel pitch is not in eccordanice with sboted configuxatioii ixcfon up 
tion, an alert is given to the opeicator. 

FiiZthennozei, ihe image analy^ program may as well configuzed to recognize «le- 
5 feet feeders installed in. &edsr slots. 

Brief Description of the Drawings 

The invention will be ejcplained in more detail with reference to the drawing, where 
10 FIG. 1 shows the principle of a placement machine post-equipped with a camera, 
FIG. 2 iliusttates the method according to the invention, 
FIG. 3 illustratBS an, alternative embodiment 
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Description ttf preferred embodiment 



In FIG. 1, a placemait machine lOl is illustiatwl having a platfoim 102, on which a 
mimber of slots 103 aie located. Into each slot 103, a feeder 104 maybe placJed. Ce> 
tarn feeder 104 types may eidend into sewsral slots 103. The platfonn 102 is displace! 
relatively to the con^onent pick np arm 105 &r picking up con^onents fiom diflerei t 
20 slots 103. Alternatively. thepickiqiaimlOSmaybedisplacedwithreq^ 

form 102. 

Each feeder iM.is provided with an identification marker, for example a bar code la- 
bel, which is designed to be readable by an ^ipropriate scanner. According to the in- 
25 vention,- the feeder marker is imaged by a camera 107 and analyzed m a compute 101.' 
by a image analysis conq'Uter program. By usmg a caniera 107 according to the m- 
vention, the feeder marker may be diffeent fiom abar-code. 

The camera 107 images the series of slots 103 witii feeders on the table 102. The cam- 
30 era 107 may be eqtiipped with an objective 109 v»iih a view 110 that c^«s the com- 
plete table 102. Alternatively to cover a long table, a number of cameras 107 may be 
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used to take images which then are combiaed by appropriate computer routines in the 
computer 108. 

For stationaiy tables 102, the cameia may be mounted at a fixed positioa. For moving 
5 tables, the camera nwy move along with the table or the cameia 107 and the im.ige 
analysis program may be programmed only to evaluate iroageS) when the table lo: . is 
in a special position, far example the stert position. For additional precision and ci>n- 
venience, a position maxk 111 may be provided with a fixed distance to the slots 1 » >3, 
for example by providing such a rigidly connected to the table. In the latter case, i he 
10 table needs not to have a certain position for the imagmg, as the position mark may 
have the role for coordinate calibration for the slots. Alternatively, the mark may be 
positioned independency of the table. In case of a mo\'iiig table^, the distance is rot 
fixed but nevertheless weU defined when fb» table is in the rest or start position. 

15 Normally, when component reels are loaded into a feeder 104, the feeder marker is 
read and the feeder ID 203 is stored in a first list together with the first component 1 D 
.204' of the coxtqionent reel in the feeder 104. The computer 108 is configured to ha-*"© . , 
access: to fiiese data in a Ust^ which is illustrated in FIG 2 as a feedBz/component list 
.201 • From other stored configuration information, a second list shown as a device li st' 

20 207, a second cozzxponent ID. 204 of the type of ccmpoDssA expected in a slot with sit >t 
ID 208 maybe found. Combimng the data fiom these two lists 201^ 207, the intended 
feeder with ioteoded foeder ID 203 - Feed N - in a certain feeder slot'208 may be 
found 212;. Not all slo^ 103 may contain a feeder 104, as not all slots 103 may have to 
be used in a production process. 

25 

la tile computer program perfomung the method according to the inveatian^ the ir- 
tended feeder ID 203 in each foeder caatainiAg slot is checked agamst the actuf i 
feeder ID that may be read by the camera for each particular slot For this, the earner i 
107 images 202 the table 102^ vrhere each slot ID 208 is provided with position coor- 
30 ' dinates. This is preferably done for all slots» siich that a s^es of position coordinate « 
is obtained for the whole series of slots, but it may, altemativelyy ooJy be done fo: 
those slots that are intended to contain feeders 103. The first slot is found aubomati * 
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caBy by fbs image analysis 205, for example by nsiag the positicm maxk 111, aod a 
cocxidiiiate is assigned to this j5rst dot Jn case that the distance bet«^n adjacent slots 
is tfflDStant for all slots, the distance to the following slots can easily be found by ncvd- 
tqjlication car addition and cortesponding coordinates can be applied. If the distajice 
between slots 103 is not constant, tbs image analysis program can be progtanimed to 
find Ae slots 1 03 antomatically and them assign appiopiiate position coordtaates to he 
slots as detenxuned fiom the image. 
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15 



From the lists 201, 207 as described above, those slots that contain feeders are evalu- 
ated further in that it is checked 206 whether a feeder is contained hi tiieses slots at e U. 
If ihis is not the case, an alert 209 is given to the operator. From the obtained ima^ e, 
the actual feeder marker is read and the actual feeder ID Feed N' - detennined 210 . 
In a next step, the intended feeder ID - Feed N - and the actual feeder ID - Feed N - 
are compared 21*1 and in case of non-compliance» an alert 209 is given to the operato 



Instead of comparing 211 the intaided ID 203 of ihe intended feeders in said series .if 
sipts 208 wifti the- imaged actual feeder IDs 210, an alternative embodiment may I e 
■ usedi which is in principle e^uivalant though in practice slighiiy different. In- FIG. :i, 
this alt«native qiproadi is illustrated. From the obtained im^e-202 which is analyzed 
20 205, the actual feeders 104 in the slots 103 are detennined 210. In this embodimeD', 
fte first component ID 204* for fl»e type of components contained in sad actual feedt r 
203 is detamined fiom the device list 201. For each slot defined to contain a feeds-, 
^ second component ID 204 for the conqwnent that is siqjposed to be contained i i 
said slot is detennined from the device Hst 207. As a final step, it is checked wheliicr 
25 the first and the second componeaflD are equal, and if this is not the case, fliis dis- 
crepancy is indicated 209. 

The alert 209 to the operator may alternatively be coupled to an automatic stqppmi; 
routine of the machine such that the control and the action after arecognizfed feultmay 
30 prevent any placement of components. The method according to the invention may b.. 
implemented to only fimction before the placement machine starts operating. It m^' 
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also be unplemented such fliat the mefiiod is perfbnned steadily during the opera ion 
of the placement madiine in order to achieve maximimi secmity. 
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CLAIMS 

.1. Method far component verification during chelation of a component placement 
machine (101) having a series of feeder slots (103) for holding component Jfeedsrs 
5 (104) -with feeder maikers, each feeder marker canymg a unique feeder IP, wheran 
each &edcr slot (103) has a uoique slot ID (208), 
characterised infiiat ttie method comprises 

- providing at least one cameia (107) for providriig an image (202) of said series of 
feeder slots ^07), 

10 - pexfotming image analysis (205) on said image for detennining (210) the actial 
feeder IDs of the actually installed feeders (1 14) in said series of feeder slots (103), 

- deteraiining (212) fiom stored configuration (201, 207) infonnation the intended 
feeder IDs (203) of ttUJse feedffls (104) that are intended to be installed in said sen ss 
offeeder slots (103), 

15 . checking by comparing (211) the actual feeder IDs with the intended feeder IDs 
C203) -whether the actually. itlstaUed feedeas in the feeder slots correspond to Ifae ti- 
tended feeders. ^ 

2. Method according to claim 1, wherein the method comprises • 
20 - in comiection with said image providing a series of position coordinates, where each 
position coordinate is associated to a slot ID (208) of a feeder slot (1 03) in said seat s 
of feeder slots, 

_ perfbnnins image analysis (205) on said image for determining (210) the actml 
feeder IDs of the actually installed feeders (104) in said series of feeder slots and as- 
25 signing an actual position coordinate to each of these actual feeder IDs, .said actus 1 
position coordinate takai ftom said series of position coordinates, 

- detennining (212) from stored configuration iafonnation the intended feedrar IDj 
(203) of those feeders that are intended to be installed m said series offeeder slots an.l 
determining for each of those intended feeders an intended position coordinate. saiU 

30 intended position coordinate taken from said series of position coordinates, 
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14 . 

- checking (206) for each intended position coorcHnate, whether an actual feeder D> is 
assigned to said position, and indicating (209) if this is not flie case, and if this is the 



- checking (211) whether the intended feeder ID and the actual feeder ID for this pcrsi- 
5 tion coordinate is equal;, and if this is not the case, indicating (209) this discrepancy. 

3. Method according to claim 1 or 2, wherein said stored configuration information 
compiisea 

- a first list (201) associating each intended feeder ID with a component ID (204*) n- 
10 dicative of the type of component to be contained in the coiresponding feeder (20. t), 

and 

- a second hst (207) associating feeder slots IDs (208) with component IDs (204), 

4. Me&od for component verification dming operation of a component placement 
15 machine (101) having a series of feed^ slots (103) for holding component feeders 

(104) with feeder marirars, each feeder ma&er caizying a unique feeder lb» where n 
.each feeder slot (103) has a unique slot ID (208), 
characterised in that the method comprises 

- providioig at least obe camera (107) for providing an image (202) of said series of 
20 feeder slotSy 

- peifomaing image malysis (205) on said imajje for detemiining (210) the actusQ 
feeder IDs (203) of the actually mstalled feeders m said series of feeder slots;* 

- for each actual feeder, determining fiom stored confignraliDn infonnatiQn the fint 
component ID (204*) for the type of components contaitied in said actual feeds ; 

25 where said stored configuration information comprises a first list (201) associatin,>* 
each intended feed^ ID with a componCTt ID (204') indicative of the type of compo - 
nent to be contained in the coiiesponding feeder (203)^ 

~ for eadi slot (208) defined to contain a feed^, determining firom stored configuratioi l 
information the second component ID (204) for the component that is supposed to bi) 
30 contained in a feeder (104) in said slot (103% where said stored configixration infor- 
mation comprises a second list (207) associating feeder slots with component IDs, \ 
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- checkmg (213) whether the first (204*) and the second component ID (204) are 
equal, and if tbis is not the case, indicating (209) this discrepancy. 

5. Method according to any one of ihe claims 2 - 4, ^vbeFaa flie slot distance bebv-sen 
5 a»« aceot slots m said series of feeder slots is constant and whaein said associat ng 
position coordinates to the slot ID of each feeder slot comprises 

- determining for each particular feeder slot the namher of slots fiom the first slot to 
Ihe paxtLCnlar feeder slot; 

- adding to the position coordinate of the first slot coordinates equivalent to the dis- 
10 tance fiom the first Slot to the particular feeder slot, where this distance is calculated 

as Qie slot distance between adjacent slots times the number of slots fiom the first s ot 
' to the partictilar feeder dot 



15 



20 



25 



30 



6 Method according to kny one of fte claims 2 - 5. whercm said associating positi<.n 
coordinates to the slot ID comprises providmg a position mark (Ul) with a certain 
fixed distance to said series of feeder slots, unaging said portion mark together wi h 
■ said series of fcedesr slots, and catodatfaig ihe positicBi coordinates in relation to sa d 
position mark. ' 

• 7 Method accoxdmg ii> ^ one of the claims 2 - 5. herein said series of feeder slo s 
ate momited o» a displaceable table (102) with a rest poation or start positioji, 
wherein said associath^.position coordinates to the slot ID is perfenned n«ng aa hr .. 
agB taken in the rest position or start position of said table(102). 

8. Metnod according to any one of the preceding clahns. wherein ^ l»lacemeDt ma- 
chine (101) is of the type where spUcing is appKcable, wheiein the method comprise, 
image recognition of a label at flie splicing r^on of the compon^it reel in a feede r 
. (104) and storiog the data and time fer the use ofcomponents fiom a spliced reeL ' 

9 Method according to any one of the preceding claims, wherein the obtamed imag-: 
is analyzed fi,r recognition of components fiom a feeder and for detemrinatio=. 
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whether fhe Qompciosias Som a feedes* in a ieeder slot corresponds to cooaponezits in- 
tended to be taken fiom that feed^. 

10. Method according to any one of the preceding claims, wherem the obtained im ige 
5 is analyzed for recognition of the reel pitch. 
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ABSTRACT 

Feeder verification with a camera 

Method for compcMaent verification dvdng operation of a cotapoDBOt plac^ent ma- 
chine (101) having a series of feeder slots (103) for holding component feedois (IC 4) 
with feeder markers, each feeder toadter carrying a unique feeder ID, wherein eadi 
feeder slot (103) has a unique slot ID (208). On an image taken with a camera of t le 
feeder slots, image analysis is perfotmed to check whether the actual feeders in t w 
slots conesponds to those feeders that are intended to be plac&d in these slots. 



(FIG.l) 



r__i „;+.nc!/r«/9nn9 lR:9n 



Enpf.nr.:566 P.028 



08/03/2002 15:13 70203771 



PATRADE A/S 



1/3 



101 




111 



1V1VTVVN 



4AiAiAA/ 



Q 



105 



103 



104 



107- 



Fig.1 



109 



m 



Fmof .7Pit:nR/reV?002 16:20 



Einpf.nr.:565 P.023 



r^ATDAnC A/C SIDE 30/31 

08/03/2082 16:13 7B203771— PATRADE A/S 



2/3 



20t 

Feeder/Component List 



203 


204' 


Feeder ID 


Comi:?. Type 


Feed 1 


Comp 1' 


Feed 2 


Comp 2" 


Feeds 


Comp 3* 


FeedN 

B 


■Gomp M' 


I 

207 




Device List 


208 


204 . . 


Slot ID 


Comp. Type 


Slot"l 


Comp 1 


Slot 2 


Comp 2 


'Slots 


Comp 3 

• 


SIotN 


Comp N 
■ 



Intended Feed N 
In SIotN 



212 



211 20: j 



Alert) 




Determine Feed 
in Slot N 



Fig.2 







Image analysis — 






Camera image 



205 
202 



c_.r,< ,^i+«ni:!/n2!/9nn9 lfi:9n 



EiiPf.nr.:565 P.030 



108/03/2002 16:13 7020377li 



PATRADE fl/S 



SIDE 31/31 



3/3 



Camera image 



Image analysis 



202 
205 



Feeder 



Fig.S 



201 

Feeder/Component List 



203 


204" 


Feeder ID 


Comp. Type 


Feed 1 


Comp 1' 


Feed 2 


Comp 2' 


Feed 3 


Comp 3* 


Feed N 


Comp M' 


207 




Device List 


208 


204 


Slot ID 


Comp. Type 


Slot1 


Comp 1 


Slot 2 


Con[ip2 


Slots 


Comp 3 


Slot N 


Comp N 

• 



213 




Cmn* no /HQ /ormo iR"9n 



Fmo4 nr ?RRR P mi 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
QrfADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□'LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



